Abstract: The planted area of direct-seeding rice cultivation in Korea, which began in 1991, increased remarkably up to 117,500 ha in 1995, but decreased to 63,900 ha in 1998 and then rose to 71,700 ha in 1999. Farmers preferred dry paddies to flooded paddies at first for direct-seeding, but in recent years this has changed due to frequent rainfalls at seeding time. The number of weed species occurring in paddy fields in Korea was 23 in direct seeding on dry paddy and 18 in direct-seeding on flooded paddy. Echinochloa crus-galli was the most dominant weed species in directseeding on dry paddy and was followed by Cyperus difformis, Cyperus serotinus, Ludwigia prostrata and Aneilema japonica.
time. The number of weed species occurring in paddy fields in Korea was 23 in direct seeding on dry paddy and 18 in direct-seeding on flooded paddy. Echinochloa crus-galli was the most dominant weed species in directseeding on dry paddy and was followed by Cyperus difformis, Cyperus serotinus, Ludwigia prostrata and Aneilema japonica.
The dominant weed species in direct-seeding on flooded paddy were Echinochloa crusgalli, Eleocharis kuroguwai, Scirpus hotarui, Monochoria vaginalis and cyperus difformis.
On the contrary, Eleocharis kuroguwai, Sagittaria pygmaea, Sagittaria trifolia, Echinochloa crus-galli and Monochoria vaginalis were dominant weeds in machine transplanted paddy fields. Occurrence of weedy rice, especially red rice, was also increased greatly in directly-seeded rice fields, although effective herbicides or other practical control methods are not yet developed. The recommended herbicide application for controlling weeds in direct seeded dry paddies and flooded paddies in Korea is the systemic application of two time points: before and after water logging, in case of medium weed occurrence. Additional application is recommended for heavy weed occurrence. It seems that direct seeding is one of the most attractive rice cultivation techniques for labor and cost saving. However, it is still an unstable technique because of poor seedling establishment, more occurrence of weedy rice, lodging problem and lack of satisfactory seeding machines. Direct-seeding rice cultivation is
Introduction
Rapid growth of the Korean economy between the 1970's and 1980's resulted in mass movements of rural population to cities. The number of farm laborers decreased, labor costs increased and only the elders remained in the rural community.
Moreover, the Uruguay Round (UR) agreement, concluded in December 1993, accelerated movement to the cities and led to a loss of self confidence on the competitiveness of Korean agricultural products in the international market. Under those critical circumstances, direct-*This study was presented at the 38th annual meeting of the Weed Science Society of Japan in August, 1999, as an invited special lecture. **School of Bio-Resource Science, Dankook University, Cheonan 330-714, Korea ***college of Agriculture, Chonnam National University, Kwangju 500-757, Korea (Acceted October 16, 1999) seeding rice cultivation has been extensively recommended by the government as a laborsaving culture system that could raise the international competitiveness by shortening labor hours and reducing farming costs. Direct-seeding rice cultivation expanded from 1991 without enough information on the cultural techniques due to limited research though it began in the late 1970's24,25,29,31,35) As a result, the area of direct-seeding rice cultivation increased rapidly up to 1995, but decreased rapidly thereafter.
Until the early 1990's, there were three big problems in direct-seeding rice cultivation: the instability of seedling establishment, increase in weed occurrence, and lodging at ripening stage. Among them, weed control was the most serious problem. Currently, the problem in weed control seems to have been solved to a certain extent by the development of proper herbicides. However, instability of seedling establishment and lodging remain serious problems in direct-seeding rice cultivation. Moreover, the occurrences of red rice and weedy rice have become new problems in Korea.
Planted Area of Direct-seeding Rice Cultivation For thousands years in Korea rice was cultivated by the direct-seeding method. But in the 1600s the cultural practice of rice changed mostly to the transplantation method, which resulted in higher yield. It is believed that the a 40,000-50,000 ha area of direct-seeding on dry paddy was preserved as a dry farming technique from 1900 to 19671).
Beginning in 1977 in Korea, however, directseeding rice cultivation was completely substituted by machine transplanting.
The change in planted area of direct-seeding is presented in (1,000ha) Table 2 . Distribution of soil conditions and life cycles of total weeds occurring in agricultural land (Kang, 1999) .
The values in parenthesis are percent.
In 1991, Eleocharis kuroguwai (19.6%) was the most dominant species followed by Sagittaria pygmaea (15.6%), Sagittaria trifolia (13.2%), Echinochloa crus-galli (12.2%) and Monochoria vaginalis (11.2%). The dominance of Monochoria vaginalis was less, while the occurrences of Eleocharis kuroguwai and Sagittaria species were remarkably increased as true of Echinochloa crus-galli.
Weed occurrence in direct-seeded rice paddy Weed occurring in different cultural practices in Korea are summarized in Table 5 and 614, 16, 19) The rate was the least in transplant- The number of weed species since the 1990' s, even with some regional differences observed, was reported to be 7 to 8 in the transplanted, 15 to 16 in directly-seeded on flooded paddy and 20 to 24 in directly-seeded on dry paddy10,19) All reports showed the highest number of weed species in directly-seeded on dry paddy.
Weed species that occurred in directlyseeded rice paddy after 1996 are summarized in Table79,13,27), In directly-seeded dry paddy, about 24 species, mostly annuals, occurred.
The dominant weed species in directly-seeded dry paddy were Echinochloa crus-galli, Cyperus difformis, Cyperus serotinus, Aneilema japonica and Scirpus hotarui. There were 16 weed species observed in direct-seeding on flooded paddy and the dominant species were Echinochloa crus-galli, Monochoria vaginalis, Scirpus hotarui, Cyperus difformis, Cyperus serotinus, Aneilema japonica, Ludwigia prostrate and Eleocharis kuroguwai. The remarkable increase of Echinochloa crus-galli is believed to be caused by changes in herbicide ingredients, insufficient irrigation management, improper plowing and soil preparation, and probably, the occurrence of herbicide resistant types.
Changes of weed dominance as affected by continuous cultivation of direct seeding on dry paddy are shown in Table 8 . The dominant weed species changed to Echinochloa crus-galli from Eleocharis kuroguwai. Also, the occurrence of gramineous and perennial weeds decreased gradually, while broad leaf and annual weeds increased. Weedy rice in direct-seeded rice paddy
It has been observed in Korea that weedy rice including red rice remarkably increased in directly-seeded rice paddy. According to a study conducted in Kyonggi province3)( Table   9 ), weedy rice occurred in 43.5-55.6% of a machine-transplanted paddy field and 55.6 -66.7% in a directly-seeded field. The per- natural crossing among cultivars with the known rate of 0.9%, natural crossing among cultivars and red rice, impurity of seeds harvested by farmers, and germination of dormant red rice in soil32, 33) The occurrence of red rice as influenced by cultural practice is shown in Table 10 . Red rice showing a red spilkelet color, strong dormancy, and easy shattering did not germinate well due to low activity of starch degrading enzyme under flooded condition.
Other cultural conditions for increase of red and weedy rice such as rice single cropping, early seeding date, no-till rotary cultivation, rice straw mulching, and harvesting by combine are reported. Emergence potential in deep soil and strong resistance to an unfavorable enviroment also resulted in increased dominance rate. However, it is reported that the growth of red rice is not seriously affected by soil pH, temperature, or salinity.
Yield of Directly-seeded Rice Cultivation
Yield potential by cultural practice of rice
Yield potential of directly seeded rice cultivation was 93-94% of the transplanted in the early 1990's, but it increased to almost the same yield as the transplanted 4-6 years later mainly due to technical advances (Table  11) . Generally, direct-seeding on flooded paddy showed a better yield potential than direct-seeding on dry paddy, and the yield of direct seeding cultivation by skillful farmers was a little higher than conventional machine transplanting cultivation. It is also reported that no-till direct-seeding culture resulted in 2-5% yield reduction compared to tilled culture. Direct-seeding rice cultivation was recommended as an exemplary labor-saving cultural method, which could be a way to overcome the agricultural crisis caused by the UR agreements, and was therefore thought to be more suitable to large-scale rice cultivation.
Germination and seedling establishment are major limiting factors to determination of successful direct-seeding rice cultivation.
Seedling establishment is not easy in largescale rice cultivation because of the difficulty of precise management, such as soil harrow- Table 11 . Comparison of rice yield between cultural practices in paddy field in Korea (kg/10a) (RDA, 1997). Weed control in ordinary paddy fields The recommended weed control method by herbicide application in direct seeding both on dry and flooded paddies in Korea is a systemic application of two time points, before and after water logging, in case of medium weed occurrence. But an additional application is recommended for the area of heavy weed occurence33).
The recommended herbicides that can be used before water logging in direct seeding on dry paddy (Fig. 1 (Table 9 ) are shown to be effective to some extent. Recently, oxadiazone has also been reported to be effective22, 34) In Seosan reclaimed rice paddy, which has an area of 10,121 ha and is located on the west coast of Korea, rice is cultivated by large-scale direct-seeding on flooded paddy.
In this area, the currently serious weeds are annuals of Echinochloa crus-galli, Diplachne fusca, weedy rice, and perennials of Phragmites communis and Scirpus planiculmis. To control the weeds, systemic herbicide applications of two time points is adopted. Phragmites communis can be controlled by glyphosate but there is no practically effective herbicides to control weedy rice.
The bioefficacy of systemic herbicide application in directly seeded rice paddies is not appropriate but has been developed better to some degree in direct-seeding rice cultivation. Farmers are usually satisfied with the effectiveness of the herbicides, but they want to reduce the number of applications from 2 -3 times to one.
The direct-seeding rice cultivation technique, which has progressed well and shows almost the same level of yield as machine transplanting, has led to reduced labor hours and farming costs. However, the problems of instable seedling establishment and lodging at ripening stage are not fully solved and the development of a direct-seeding machine is also still incomplete. The majority of farmers prefer transplanting to direct-seeding, but in the paddy areas where the soil texture is proper for direct-seeding, direct-seeding rice cultivation is gradually increasing by skillful farmers who understand cultural techniques better.
